The search for the presence of the different MENI related endocrinopathies (primary HPT excluded) was based on clinical history, and on biological and radiological investigations. Biological investigations included, in all the patients, basal serum or plasma concentrations of potassium, glucose, prolactin, thyroid stimulating hormone, adrenocorticotrophic hormone, cortisol, insulin, C peptide, glucagon, vasoactive intestinal peptide, and somatostatin, and basal 24 hour cortisol urinary excretion. If an insulinoma was suspected, repeated doses of glucose, insulin, and C peptide were performed during a 48 hour fast period. Other specific tests were performed when necessary. Radiological investigations included magnetic resonance imaging or computed tomography of the pituitary gland, or both, and computed tomography of the adrenal glands.
STUDY DESIGN
The investigation was performed as previously described.'4 17 During the days before the test, patients were given a normal hospital diet. During the day before testing, the patients could eat any foods besides cheese and dairy products, and virtually calcium free drinking water was given (<10 mg/l of elemental calcium). From the evening before the test, patients fasted until the investigation, which started the following day at 8 30 am and lasted for half a day. During the test, patients were given virtually calcium free drinking water in sufficient amounts to yield adequate urine specimens. Two one hour (before 1990) and one two hour (after 1990) urine collection periods were performed on the basal state. When two hourly baseline periods were performed, average values of each variable was calculated and considered for the study. An oral load of 1 gram elemental calcium (45 ml of calcium gluconate and calcium lactobionate (Calcium Sandoz), together with milk) was then given. Urine collected during the following 90 minutes was discarded. A subsequent two hour urine collection period was then performed. Blood was drawn at the midpoint of each period, without a tourniquet, through an indwelling catheter inserted in a large vein of the arm.
The following variables were measured: (a) in serum, total calcium, ionised calcium, and PTH 1-84; (b) in plasma, creatinine, and cyclic AMP; and (c) in urine, calcium, creatinine, and cyclic AMP. Total calcium was determined by titration with EGTA (Calcette, Precision Systems), ionised calcium by a specific electrode (ICA2, Radiometer), creatinine by colorimetric method (picric acid), and plasma and urine cyclic AMP by radio- 10 patients and bone metastasis in four of them.
The diagnosis of MEN1, which did not take into account the results of the current investigation of the parathyroid function, was already established in five patients: two patients had relatives with the ZES and primary HPT, two patients had prolactin secreting pituitary tumours without known familial disease, and one patient had a pancreatic insulinoma and relatives with the ZES and primary HPT.
INVESTIGATION OF THE PARATHYROID FUNCTION
The investigation of the parathyroid function was performed for a median period of six months (0-168 months) after diagnosis of the ZES.
Abnormal results of the investigation of the parathyroid function (nine patients) are detailed in Table I A final diagnosis of primary HPT was established in eight (29%) among the 28 patients (Table I) . Four among these patients had previously experienced excretion of calcium stones.
High fasting total or ionised calcium concentrations At the time of the study, three patients exhibited a high fasting serum total calcium concentration (Table I ) and a high urinary 24 hour calcium excretion (8.9 (2.5) mmol/24 h). In these three patients, fasting serum ionised calcium was accordingly increased; simultaneous serum PTH concentration and N cAMP Results are expressed as mean (SD). Abbreviations as Table I. excretion were either high or in the upper range of normal. Thus, these three patients met the criteria for the diagnosis of hypercalcaemic primary HPT, which was subsequently confirmed by the histological analysis of the parathyroid glands (Table I) . Two patients among the 25 remaining patients with normal fasting serum total calcium concentration had an abnormally high fasting serum ionised calcium concentration (Table I ). In one of them, simultaneous N cAMP excretion was high and serum PTH concentration in the upper range of normal values -that is, PTH secretion was inappropriately high with respect to the prevalent hypercalcaemia. Primary HPT was subsequently confirmed by the histological analysis of the parathyroid glands, which showed primary hyperplasia. In the second patient, serum PTH concentration was comparatively low, thereby excluding the diagnosis of primary HPT. Instead, humoral hypercalcaemia of malignancy was strongly suggested by the high N cAMP excretion which, in this setting, probably indicates an abnormal concentration of PTH-rP. However, at this time, the direct measurement of PTH-rP was not yet available in our laboratory. This patient rapidly died from severe disease resulting from multiple metastases to the liver and bones.
Normalfasting total and ionised calcium concentrations The remaining 23 patients had both normal serum total and ionised calcium concentrations. However, among them, four had a fasting serum ionised calcium concentration in the upper range of normal (1.31-1.35 mM) (Table   I ), whereas the 19 other patients had fasting serum ionised calcium concentrations within the range 1.19-1-28 mM (Table II) . In addition, these four patients exhibited hypercalciuria when urine was collected during an unrestricted diet (mean urinary 24 hour calcium excretion: 9.9 (2.0) mmol/24 h). Moreover, when collected during the calcium restricted diet, their urine excretion was significantly higher than the calcium excretion measured in the other 19 patients (4.5 (1 9) Figure) . Therefore, all four patients exhibited an abnormal suppression of PTH secretion, inappropriate to the calcium load induced hypercalcaemia, a feature characteristic of normocalcaemic primary HPT, which was subsequently confirmed by the histological analysis of the parathyroid glands performed in three of four patients. Conversely, in the other 19 patients, PTH secretion was adequately inhibited, the serum PTH concentration averaging 17 (5) pg/ml (p<0001 v the mean value of the four patients with post-loading test hypercalcaemia) when mean serum ionised calcium concentration was 1.29 (0.04) mM (Table II  and normal investigation of the parathyroid function.
Chronological relations between diagnosis ofZES and HPT In the three patients with high fasting serum total plasma calcium concentrations and primary HPT, hypercalcaemia was present at time of the diagnosis of the ZES, which had been performed 0, 24, and 48 months, respectively, before the present study. In the five patients with normal fasting serum total calcium concentrations and primary HPT, the current study was performed 0, 0, 0, 6, and 36 months respectively, after the diagnosis of the ZES. In one of them, intermittent high fasting total calcium values had already been noted but, at the time of the study, fasting serum total and ionised calcium were normal.
In the 19 patients without primary HPT, the study was conducted on a median period of six months (0-168 months) after the diagnosis of the ZES and, in the patient with humoral hypercalcaemia of malignancy, 36 months after the diagnosis of the ZES.
Diagnosis ofMENI
All the five patients with previously known MEN1 had primary HPT. Three had hypercalcaemic HPT and two had normocalcaemic HPT (Table I) .
Among the 23 patients who had no other MENI related endocrinopathy and no familial disease, one patient had humoral hypercalcaemia of malignancy, one had hypercalcaemic HPT, and two (9%) had normocalcaemic HPT (Table I) The results of our study suggest that, when primary HPT exists, it is present early -that is, before or close to the time of the diagnosis of the ZES. Furthermore, when the diagnosis of primary HPT was established near to the time of the diagnosis of the ZES, primary HPT was often nornocalcaemic. In the patients with normocalcaemic HPT, the diagnosis of HPT was established at the same time (in median) as the diagnosis of the ZES (extremes 0-36), whereas in the patients with hypercalcaemic HPT, the diagnosis of HPT was established 24 months (extremes 0-48) after the ZES diagnosis. In the second group of patients, however, hypercalcaemia had already been noted at the time of ZES diagnosis, suggesting that primary HPT existed at this time. None of the patients with a normal investigation of the parathyroid function developed hypercalcaemia after a median period of 24 months (0-72). This is in contrast with a study from the NIH that showed that, among 28 patients with ZES and MEN 1, HPT was not present at the time of the diagnosis of the ZES in eight patients, but developed later.6 Firstly, however, a complete investigation of the parathyroid function had not been performed in the study by Benya et al,6 secondly, the biological criteria for HPT was simultaneous increase in calcium and PTH values, and, thirdly, a personal or familial history of kidney stones was slightly more frequent in these patients than in a matched control group of sporadic ZES patients, suggesting that, in some of these patients, HPT was already present and could have been diagnosed using a more complete investigation.6 Nevertheless, we cannot absolutely exclude that primary HPT would have occurred later in some of our patients, due to the shorter follow up than in Benya's study .6 In patients with the ZES, hypercalcaemia most often results from primary HPT, however, it can also result from osteolysis when bone metastases are present or to the secretion of PTH-rP by the endocrine tumors. Confirmation of the origin of the hypercalcaemia is therefore necessary. The diagnosis of primary HPT is easily discarded when fasting serum PTH concentrations are low. The measurement of PTH-rP permits the diagnosis of humoral hypercalcaemia of malignancy.
In summary, in this series of 28 consecutive patients with the ZES who had not had any investigation of the parathyroid function, eight patients had an associated primary HPT and, accordingly, MEN1. In five of them, the diagnosis of primary HPT would not have been suspected on the sole basis of fasting serum total calcium concentration measurement, and in three of them, the diagnosis would have been missed if only fasting serum calcium and PTH concentrations had been measured. Our study shows that a complete investigation of the parathyroid function using calcium load should be systematically performed in the patients with the ZES who have normal fasting serum calcium and intact PTH values.
